Understanding how development unfolds from fertilization to the formation of an organism with multitudes of specialized cell types and complex morphologies is the central problem in developmental biology. The blueprint for this process is encoded in the DNA-both as transcriptional units and as the cis-regulatory sequences that control them. The information within the DNA sequence must be interpreted by transcription factors that receive inputs from upstream signals and transfer this information downstream to other regulatory genes and to the structural genes whose products serve as the building blocks of the organism. To understand the logic behind this process requires mechanistic insight into the gene regulatory networks that mediate the flow of information from the egg to the embryo. Now that the genomes of numerous organisms have been fully sequenced, and more will soon be completed, our understanding of gene expression is reaching a new phase. Traditionally, studies of gene regulation have involved the mapping of cis-regulatory elements followed by the identification of their associated regulatory factors, one or a few genes at a time. This laborious approach has led to the delineation of regulatory pathways that are largely linear. However, it is apparent that development is governed by extraordinarily complex transcriptional networks more akin to electrical wiring diagrams than to simple pathways from point A to point B. What is emerging is a picture of developmental regulatory circuits involving vast numbers of genes that rely on positive and negative feedback loops, amplification mechanisms, cross-talk, combinatorial interactions, thresholds of signals, and gradients of regulatory factors. Making matters even more complex are the intertwined signaling cascades that are superimposed on this transcriptional circuitry.
A comprehensive understanding of the logic of transcriptional networks will require contributions from multiple model systems combined with biochemistry, genetics, bioinformatics, and computational biology. New technologies being brought to bear on this problem, such as the ability to efficiently inactivate genes by RNA interference and to perform microarray analyses to monitor alterations in expression of thousands of genes simultaneously, promise to rapidly revolutionize our understanding of developmental control mechanisms.
This issue of Developmental Biology focuses on the principles of transcriptional networks as a basis for understanding development. In many respects, mapping out the pathways for gene transcription today is reminiscent of the challenges faced by biochemists decades ago when the metabolic pathways were being delineated. Ultimately, it should be possible to understand development with the same level of precision as a metabolic flow chart.
In spite of the daunting complexity of the cis-regulatory networks that serve as the foundation for development, it should also be emphasized that this is only part of the story. Equally complex regulatory mechanisms involving alterations in chromatin configurations, epigenetic events such as DNA methylation, associations of transcriptional activators and repressors that do not directly contact DNA, and posttranslational modifications of the transcriptional machinery impose additional layers of regulation on the types of networks described in these articles. Thus, these networks should be viewed as a beginning not an end to our understanding of the associated developmental programs. We hope they will serve as a platform for thinking about the logic of development and a catalyst for further investigation.
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